This study was undertaken to test the hypotheses that, due to gradual accumulation of dead erythrocytes and their ingested products resulting from repeated hemorrhage, older endometriomas (whitish in color) contain chocolate fluid with higher iron content than younger (brownish/blackish in color) ones with concomitant higher collagen content and more adhesions. We recruited 30 premenopausal women with histologically confirmed ovarian endometriomas and collected samples of their endometriotic lesions and chocolate fluid and measured the viscosity, density, and the concentration of total bilirubin, ferritin, and free iron of the chocolate fluid. We also evaluated the lesion color and adhesion scores. In addition, we performed Masson trichrome and Picro-Sirius red staining on all endometriotic cysts and evaluated the extent of fibrosis in the lesions. We found that fluids taken from white-colored endometriomas had significantly higher concentration of total bilirubin, ferritin, and free iron, respectively, than black/brown-colored ones. In addition, older cysts had fluids that had significantly higher density and viscosity. Fluid density correlated positively with the concentrations of total bilirubin, ferritin, and free iron. Older lesions had significantly more collagen content and higher adhesion scores. Taken together, these data supports the notion that older cysts, having experienced more bleeding episodes, contain chocolate fluid that is higher in viscosity, density, and iron content and higher fibrotic content than younger ones. This provides another piece of evidence that endometriotic lesions are wounds that undergo repeated injury and repair, resulting ultimately fibrotic lesions that are resistant to hormonal treatment.
Introduction
Ovarian endometriomas, also called endometriotic ovarian cyst, is one of the three major subtypes of endometriosis 1 and are very common. 2 Since Sampson's 1921 description of chocolate cysts of the ovary, 3 numerous studies have been published to characterize the disease and to elucidate its pathogenesis 1,4-8 yet its pathogenesis still is an enigma and its treatment is inadequate.
As with any quest for the genesis of a complex phenomenon, to pinpoint exactly what the initial and pivotal events are that lead to the genesis of endometriomas can be very challenging. We can argue that, for interventional purposes, it suffices to understand just how endometriomas progresses. Unfortunately, the natural history of any ovarian cyst is poorly understood, although there is a general consensus that the color of the peritoneal endometriotic lesions changes as the lesions age, starting as a red lesion, then progressing to black, and finally to white. 1, 4, 9 The endometrioma lining is frequently surrounded by fibrous tissues, 4, 5 especially in white-colored lesions. 1 Therefore, the color of endometrioma internal cyst wall can be used as a rough proxy for the age of the lesion. However, the coloration as a way of dating may be too crude to be clinically useful.
Dating the endometriomas can be clinically important since the age of the cyst would unveil its current state of progression and thus provide a basis for the choice of the best treatment modality. For example, a cyst that is comprised of mostly fibrotic tissues would signal the terminal stage of the disease, which is unlikely to be responsive to hormonal treatment. In this regard, the existing revised American Society for Reproductive Medicine (rASRM) staging system 10 is not very helpful, since it merely provides a summary measure about the extensiveness of endometriosis, giving no information on the developmental stage of the lesions. It is known to be uncorrelated with the pain severity 11 and related only tangentially with the recurrence risk. 11, 12 It provides little guidance for the choice of a right treatment modality. Therefore, a better dating method is sorely needed.
Ovarian endometriosis contains chocolate-like fluid as the result of accumulation of menstruation-like hemorrhagic blood entrapped in the cyst. 8, 13 Yet bleeding is a cardinal sign of tissue damage. Repeated bleeding signals repeated tissue injury, which is known to cause tissue fibrosis, 14, 15 as, in fact, seen frequently in endometriomas. We found recently that platelets are significantly aggregated in ovarian cysts and that activated platelets induce epithelial-mesenchymal transition (EMT) and subsequent myofibroblast activation, resulting in the acquisition of the smooth muscle cell marker, increased contractility, and increased production of collagen I (D. Ding, MSc, unpublished data, January 2015). 16 As myofibroblasts are known to be the primary extracellular matrix (ECM) secreting cells during wound healing and fibrosis, 17 our data provide evidence that endometriosis are wounds that undergo repeated tissue injury (bleeding) and repair, ultimately leading to fibrosis.
Erythrocytes entrapped within the cyst contain iron that is bound to hemoglobin (Hb). Macrophages acquire most of their iron by phagocytosis of senescent erythrocytes. Digestion of Hb through erythrophagocytosis results in liberated iron, which is either released from macrophages or stored in a protein complex either as ferritin or hemosiderin. 18 The presence of iron itself is a major trigger for the production of ferritin, 19 which is a primary intracellular protein that stores and releases iron. The amount of ferritin stored reflects the amount of iron stored. Erythrocytes within the cyst are disposed of when they are senescent or damaged, from which the Hb is released, which, in turn, is metabolized into bilirubin.
High iron concentration within endometriotic cysts has been reported previously, 20, 21 which is thought to be of diagnostic value. 22, 23 In the peritoneal fluid of patients with endometriosis, higher levels of iron [24] [25] [26] [27] and higher ferritin levels [26] [27] [28] also have been reported. The elevated concentration of iron, ferritin, and total bilirubin, along with debris therein, would conceivably result in increased thickness or viscosity and the density of the cyst fluid. In other words, the physical properties of the cyst fluid may also contain information on the age of the cyst.
Aside from repeated bleeding episodes and the gradual accumulation of iron in the cyst fluid, we have recently found that activated platelets are critically involved in the development of endometriosis (D. Ding, MSc, unpublished data, January 2015). 16 In addition, coculture of endometriotic epithelial cells with platelets results in EMT and also results in myofibroblast activation in endometriotic stromal cells, leading to excessive deposition of collagens and thus fibrosis in endometriosis. 16 In view of the above, we hypothesized that (1) older endometriomas contain fluid with higher free iron, soluble ferritin, and total bilirubin content than younger ones due to gradual accumulation of dead erythrocytes and their ingested products resulting from repeated hemorrhage and (2) since repeated injury leads to tissue fibrosis, older cysts have higher collagen content and more adhesions than younger ones. This study was undertaken to test these hypotheses.
Materials and Methods

Patients and Sample Collection
Thirty premenopausal women with histologically confirmed ovarian endometriomas who underwent laparoscopy between December 2012 and March 2013 in our hospital were recruited consecutively for this study after informed consent. For each patient, the demographic and clinical information, such as age, gravidity, parity, body mass index (BMI), severity of dysmenorrhea as measured by the Verbal Descriptor Scale (none, mild, moderate, or severe), complaint of infertility or not, the use of any hormonal medication ever and, name of the medication and duration, was recorded. After the artificial pneumoperitoneum was set up at the beginning of the surgery, the entire pelvic cavity was thoroughly explored and evaluated. The laterality, size (the diameter of the ovarian cyst), and presence of adhesion to neighboring organs or peritoneum were carefully evaluated and recorded. The rASRM scores were determined by the presence and the size of ovarian endometriomas, status of the posterior cul-de-sac, and presence and nature of tuboovarian adhesions, among other things. For each cyst, the adhesion score, as part of the rASRM scoring system, was also recorded.
Once the evaluation was done, the ovarian cyst was punctured by a Transfix needle (Bile duct needle, j5 Â 330 mm, 302.513, Optcla, Hangzhou, China) connected with a 20-mL sterile syringe and the fluid content (5-15 mL) was sucked into the syringe. If the patient had bilateral ovarian cysts (4 cases), the cyst fluid was obtained from both cysts in an identical manner and processed separately. The procured fluid was divided into 2 aliquots, and then stored on ice and underwent measurement immediately.
In all cases, the endometriomas were removed by stripping the cyst wall from the ovaries. After the cyst walls were taken out, they were rinsed with sterile saline to remove the residual chocolate-like fluid, and the color of the endometriotic lesion was recorded. For all 30 patients, the ovarian endometriomas were grouped by coloration as black or white, as the following. If over two thirds of the internal surface of the cyst wall surface area was blackish or brownish, the lesion was described as black, and the portion of the blackish/brownish specimen was collected. Black lesions were formed likely because of old hemorrhage. Lesions considered to be blackish/brownish but partially yellowish (no more than one third of the entire surface area) were classified as black lesions. Similarly, if over two thirds of the interior surface area of the cyst was whitish, the lesion was described as white in color, and the portion of the whitish specimen was collected. Whitish lesions were likely to be fibrotic tissues. The fresh, reddish hemorrhagic spots could also be seen in some brownish/blackish specimens, and their number ranged from a few to as many as *20 per specimen. In contrast, in whitish specimens, these spots were very rare. The representative pictures of ovarian cysts with different coloration are shown in Figure 1 . All cyst tissue samples were fixed for 24 hours with 10% formalin and paraffin embedded. The histologic diagnosis of endometrial glands, stoma, fibrous tissues, and hemosiderin-carrying macrophages was made by pathologists after hematoxylin and eosin (H&E) staining. This study was approved by the Ethics Review Committee of Shanghai OB/GYN Hospital.
Measurement of the Density, Shear Viscosity of Cyst Fluid and its Total Bilirubin, Soluble Ferritin, and Free Iron
Depending on the availability, 2 or 4 mL of cyst fluid was weighted at room temperature by the Electronic Balance scale (FA2004, FangRui, Shanghai) to calculate the density of the fluid (in g/mL), and the shear (dynamic) viscosity of the fluid was measured at room temperature by Automatic Blood Rheology Test Instrument, (ZS9200, Zonci, Beijing, China) at the different shear stress of 1 mPas (low-shear force), 50 mPas (medium-shear force), and 200 mPas (high-shear force) in the hospital clinical laboratory. The use of different shear stress was necessary since the cyst fluid, like blood, is essentially a non-Newtonian liquid, in which viscosity is not a constant but rather depends on the magnitude of the shear stress. 29 Another aliquot of the cyst fluid was diluted 5 times to measure the concentration of total bilirubin (in mmol/L) and free iron (in mmol/L) by the Automatic Blood Biochemical Analyzer (7600-120, Hitachi, Tokyo, Japan) and of soluble ferritin (in mg/L) by ChemiLuminescence ImmunoAssay System (Roche, Basel, Switzerland).
Tissue Staining
Serial 4-mm sections obtained from each block, with the first resultant slide being stained for H&E to confirm pathologic diagnosis, and the subsequent slides were used for Masson trichrome staining and Picro-Sirius red staining.
Masson Trichrome staining was used for the detection of collagen fibers in tissues. Tissue sections were deparaffinized in xylene and rehydrated in a graded alcohol series, then were mordant in Bouin's solution at 37 C for 2 hours. Bouin's solution was made with saturated picric acid 75 mL, 10% formalin solution 25 mL, and acetic acid 5 mL. Tissue sections were stained using Masson's Trichrome Staining kit (Baso, Wuhan) following the manufacturer's instructions. The areas of the collagen fiber layer stained in blue in proportion to the entire field of the ectopic implants were calculated by the Image Pro-Plus 6.0 (Media Cybernetics, Inc, Bathesda, Maryland).
Picro-Sirius red staining was used for the detection of collagen fibers in tissues. 30 Tissue sections were heated in an oven at 60 C for 45 minutes, and then deparaffinized in xylene and hydrated using graded ethanol solutions. The tissue slides were placed in a Picro-Sirius red stain solution kit (Goodbio, Wuhan) for 20 minutes following the manufacturer's instructions and washed in running tap water for 1 minute. Under the optical microscope, the areas of the collagen fiber layer stained in red. To quantify the extent of fibrosis, the thickest staining area of each section was chosen to calculate the collagen concentration. Following Street et al, 31 the percentage of fibrotic tissues within lesions in Picro-Sirius red stained sections was quantified in pixels. Briefly, a background intensity threshold was set by Image Pro-Plus 6.0 (and then kept constant for all slides), showing the appearance of collagen fibers, and then the percentage of unmasked pixels above the threshold relative to the total pixels within the whole area of the lesion was calculated, yielding the average percentage of the collagen content for 2 to 3 nonoverlapping 20Â fields. Under the dark zone of the microscope equipped with polarizing illumination (Nikon Eclipse 55i, Tokyo), the collagen fibers appeared bright while the interstitial space and noncollagen elements appeared darker. Collagen I appeared thick and in red color and yellow, while collagen III appeared thin and in green.
Statistical Analysis
The comparison of distributions of continuous variables between or among 2 or more groups was made using the Wilcoxon's and Kruskal's test, respectively, and the paired Wilcoxon test was used when the before-after comparison was made for the same group of patients. Pearson's or Spearman's rank correlation coefficient was used when evaluating correlations between 2 variables when both variables were continuous or when at least 1 variable was ordinal. To evaluate the potential factors associated with the cyst color, a multivariate logistic regression analysis using backward elimination procedure was employed. Multidimensional scaling was used to see the relationship of cyst color with cyst fluid density and viscosity (medium-shear stress).
The P values of less than .05 were considered statistically significant. All computations were made with R 3.1.0. 32
Results
All cyst samples were confirmed to be ovarian endometriomas with presence of both endometrial glands and stroma by histopathological evaluation. The characteristics of the 30 patients with ovarian cysts are listed in Table 1 . Among the 30 patients, 28 (93.3%) had cysts of !4 cm in diameter. Only 2 had cysts of 2 cm in diameter: 1 patient underwent an exploratory laparoscopy because of unexplained infertility, and the other due to severe adenomyosis-associated dysmenorrhea.
Both Masson trichrome staining and Picro-Sirius red staining indicated that all cysts had various amount of collagen fibers, especially in white-colored ones (Figures 2A and B ). In addition, Masson staining showed that in the stromal component of ectopic endometrium, many cells were stained in red, suggestive of muscle fibers or myofibroblasts (Figure 2A ). Picro-Sirius red staining shows that white-colored lesions had mostly type I collagen fibers while black-colored lesions also had type I collagen fibers and some type III fibers ( Figure  2B ). Normal endometrium (data not shown), endometrial epithelium, and vascular epithelium of ectopic endometrium all appeared in dark black. Overall, white-colored lesions had more collagen fibers than that of black-colored ones (Figures 2A and 2B; P ¼ .043 and P ¼ .004 by Masson staining and Sirius staining methods, respectively; Figure 3A and B). By Masson staining, the average percentage of areas containing collagen fibers was 54.4% and 68.2% for black-and whitecolored lesions, respectively, with an overall percentage of 62.1% (standard deviation [SD] ¼ 20.3%). We calculated the proportion of collagen-fibers in the entire section fields and found that the 2 staining methods yielded correlated measures (r ¼ 0.71, P ¼ 5.7 Â 10 À6 ). By Sirius staining, the average percentage of areas containing collagen fibers was 40.7% and 52.2% for black-and white-colored lesions, respectively, with an overall percentage of 47.1% (SD ¼ 12.6%).
As expected, the viscosity measured under different shear stress was different for the same cyst fluid sample, with decreasing value for higher shear stress characteristic of a non-Newtonian liquid ( Figure 4A ). We found that the severity of dysmenorrhea did not correlate with the rASRM score (r ¼ À0.14, P ¼ .44), nor with the adhesion score (r ¼ À0.17, P ¼ .34). The cyst color was not associated with either cyst size (P ¼ .97) or the rASRM score (P ¼ .20). Although women with black-colored ovarian cysts appeared to have more severe dysmenorrhea than those with whitish ones, the difference did not reach statistical significance (P ¼ .072). However, white-colored cysts were associated with higher density of the cyst fluid (P ¼ 8.2 Â 10 À6 ) and with higher shear viscosity (all P values <.004; Figure 5 ). Whitecolored cysts were also associated with higher concentration of total bilirubin (P ¼ .016), soluble ferritin (P ¼ .0035), and iron (P ¼ .0045) and higher adhesion scores (P ¼ .0046; Figure 5 ), but not BMI (P ¼ .39).
We found that, compared with black-colored cysts, whitecolored ones had significantly higher content of collagen fibers ( Figure 3A and B) . In fact, the extent of fibrosis, as measured by the proportion of collagen fibers, was correlated most closely with the iron concentration in the cyst fluid ( Figure 3C and D) , less so with the total bilirubin or soluble ferritin (data not shown). The adhesion score, the viscosity of the cyst fluid, and the soluble ferritin, iron, and total bilirubin levels in the cyst fluid were also correlated with the Figure 6 ; P values are shown therein). In addition, the fluid density correlated with the proportion of collagen fibers as measured by the Picro-Sirius red staining (P ¼ .37, P ¼ .035), but not by the Masson staining (r ¼ 0.22, P ¼ .21). The iron concentration in the cyst fluid correlated with both the soluble ferritin level (r ¼ 0.38, P ¼ .028, both logtransformed) and the total bilirubin level (r ¼ 0.36, P ¼ .0498, iron level square-root transformed). It also correlated with the adhesion score (r ¼ 0.51, P ¼ .0019). However, it was not correlated with either the cyst size (r ¼ À0.03, P ¼ .85) or the severity of dysmenorrhea (P ¼ À.22, P ¼ .21).
We performed a logistic regression analysis to evaluate the potential factors that may be associated with the cyst color and found that the cyst fluid density, viscosity (low-, mediumor high-shear force), ferritin level, iron level, total bilirubin level, and adhesion score, but not cyst size, BMI, or rASRM score, were all associated with the cyst coloration (all P values <.047). The proportion of collagen fibers of the cyst as determined by Sirius red staining was also associated with the cyst color (P ¼ .019) but marginally associated with that as determined by Masson trichrome staining (P ¼ .056). In particular, 2 physical properties of the cyst fluid, that is, density (P ¼ .04) and medium-shear force viscosity (P ¼ .04) were both found to be associated with the cyst color. The multidimensional scaling using just the cyst fluid density and viscosity (medium-shear) suggested that the 2 variables could be used to distinguish the black-colored and white-colored cysts reasonably well ( Figure 4B ).
Discussion
This study shows that older cysts, ostensibly seen as whitecolored cysts that presumably had experienced more bleeding episodes than younger ones, have higher iron, soluble ferritin, and total bilirubin concentrations in the cyst fluid than younger ones. It also shows that older cysts have higher fibrotic content most likely resulting from repeated hemorrhage signaling repeated tissue injury. This study provides one piece of evidence that ovarian endometriomas are wounds that undergo repeated injury and healing, resulting ultimately in fibrotic lesions with extensive adhesions. This may explain as why ovarian endometrioma is tough to treat since in general fibrosis is difficult to treat, let alone cure. 33 In other words, older cysts, which have elevated iron, ferritin, and total bilirubin concentration in the cyst fluid concordant with higher density and viscosity, may be resistant to hormonal treatment simply because fibrotic tissues in general do not respond well to hormonal drugs. 34 Of course, other explanations, yet to be elaborated, may also be possible. Our findings are in broad agreement with many published studies. Aside from the contents of the cyst fluid, the proportion of collagen fibers as seen in this study can explain the finding reported in Muzii et al 35 that an endometrial lining covered the internal surface of the cyst wall in 60% of the entire area, with a range of 10% to 98%. When the endometriotic cells are transdifferentiated and become part of the ECM, they inevitably lose the morphology characteristic of endometrial stroma and/or glandular epithelium. As such, altered angiogenesis, changes in hormone biosynthesis and receptivity, and changes in expression profile in the lesion (which are expertly reviewed in 36 ) are sure to occur.
In endometriosis, iron overload has been demonstrated in different components of the peritoneal cavity (peritoneal fluid, endometriotic lesions, peritoneum, and macrophages). 27, 37, 38 Increased oxidative stress resulting from iron overload also would result in nuclear factor kB activation, creating an environment favorable for increased proliferation, survival, angiogenesis, proinflammatory cytokine/chemokine production, and invasiveness. 18, [39] [40] [41] However, iron overload is known to contribute to fibrosis in the liver, 42 lung, 43 and the heart. 44 Although the natural history of endometriosis is still unclear, the consensus view is that the color of endometriotic lesions, possibly including ovarian endometriomas, is a rough proxy for the lesion age, with red-colored lesion being the younger ones that progressing to black color and finally to white. 1, [45] [46] [47] [48] Beside the conspicuous difference in coloration, red-colored, and thus younger, lesions have higher expression of vascular endothelial growth factor (VEGF) and consequently higher angiogenic and proliferative propensity than black ones. 49, 50 Interestingly, lower VEGF expression has been reported in idiopathic pulmonary fibrosis. 51 It is possible that higher VEGF expression may facilitate scarless or nonfibrotic healing of wounds 52 and inhibit EMT during the progression to fibrosis, 53, 54 but lower expression would lead to the opposite direction. Myofibroblasts generated from epithelial cells through EMT could be the primary sources of ECMproducing myofibroblasts in injured tissues. 17 In pelvic endometriotic lesions, molecular aberrations consistent with EMT have been reported. 55 It is recently reported that the Wnt/b-Catenin signaling induced myofibroblast activation may be a possible molecular mechanism underlying fibrosis in endometriosis. 56 Our own data show that activated platelets induced not only EMT in endometriotic epithelial cells but also subsequent myofibroblast activation, leading to increased ECM deposition 16 (D. Ding, MSc, unpublished data, January 2015). As seen in our Masson staining of endometrioma tissues, there is increased portion of muscle fibers in both stromal and epithelial components of the lesions (Figure 2 ), suggesting that some fibroblasts may have already been differentiated into myofibroblasts, very likely mediated through tumor growth factor b1 (TGF-b1) signaling since activated platelets release a great deal of TGF-b1.
Our findings pieces together several seemingly unrelated findings regarding the contents of endometrioma fluid (see 36 ). The increased reactive oxygen species in the cyst fluid (summarized in 36 ) may facilitate EMT. 57, 58 The reported metaplastic changes into smooth muscle cells in endometrioma 59 and the ovarian smooth muscle cell metaplasia 60,61 may result from the activation of myofibroblasts in the lesions, which produce large amount of collagens in the process. In addition, the activation of the coagulation system due to cyclic hemorrhage of the ectopic endometrium results in the activation of the extrinsic coagulation pathway with resultant elevation of plasminogen activator inhibitor 1 (PAI-1) levels in cyst fluid, as reported. 62 Elevated PAI-1 would inhibit urokinase-type plasminogen activator/ tissue-type plasminogen activator/plasmin and plasmindependent matrix metalloproteinase activities, tipping the fibrolysis and fibrogenesis balance further toward fibrogenesis. 63 Ovarian endometriomas contain chocolate-like fluid as the result of accumulation of menstruation-like hemorrhagic blood in the cyst. 8, 13 Since the blood, presumably shed cyclically by the ectopic implants, is entrapped in the cyst, they soon become senescent and ingested by macrophages, releasing Hb, which in turn, is turned into bilirubin, iron, and ferritin. Barring a substantial leakage outside of the cyst and assuming a regular and cyclic bleeding of the functional implant, the concentration of iron, soluble ferritin, or total bilirubin in the cyst fluid should be proportional to the number of hemorrhage episodes experienced, or the age of the ovarian cyst since existence. At the same time, the elevated concentration of iron, soluble ferritin, and total bilirubin, along with accumulating cell debris, would thicken the fluid, resulting in increased density as well as viscosity of the cyst fluid, as we have shown. However, it is unclear as why these parameters do not correlate with the size of the cyst. Conceivably, the cyst size may be determined by factors that are different from the number of bleeding episodes.
Our study suggests a possibility that the age of an ovarian cyst could be estimated more accurately than the cyst color by the content of the cyst fluid, assuming a more or less regular menstrual cycle. Other physical measurements, such as density and viscosity of the cyst fluid, may also be useful for this purpose. In the absence of any better method tracking the natural history of endometriotic lesions, this dating method should be more valuable than the coloration of the implants. If we accept this notion, then it could explain as why there exist conflicting data regarding the same type of endometriotic lesions simply because of different ages or stages of the tissue sample used. Clearly, more research is needed to further illuminate this issue.
Although rASRM, the most widely used staging system for endometriosis, captures the extensiveness of endometriosis, it fails to provide any information on the developmental stage of the disease and is of limited value in prognosis or the aid to decide the best therapeutic modality, among other deficiencies. 64 For infertility patients diagnosed with endometriosis, the Endometriosis Fertility Index that has recently been emerged as a staging system superior to the rASRM in predicting pregnancy rates following surgical diagnosis and treatment of endometriosis. 65 For endometriosis-related pain, unfortunately, there is no better staging system yet.
We note that most, if not all, staging systems for endometriosis have emulated those for malignant disease. 64 These systems may capture the extensiveness (amount, spread, or depth of infiltration) of the disease, or anatomic locations, but none of them make an attempt to outline the time dimension on which the disease progresses. For endometriosis, the extensiveness is not synonymous with the developmental stage of the disease.
Conceivably, different stages of endometriosis would require different treatment modalities. In this sense, the dating of ovarian cysts based on the measurement of cyst fluid content may be of great clinical potentials. As we can see from Figure 4B , the use of just 2 physical measurements, that is, density and viscosity of the cyst fluid, can classify the cysts fairly well. This study also outlines, in broad strokes, a root cause for fibrosis and adhesion in ovarian cysts and possibly in other types of endometriosis. It is well-documented that a major component of the nodular lesion frequently is fibromuscular tissue with sparse, fingerlike extension of glandular and stroma tissues, 1 which are responsible for an elevated risk of bowel obstruction, chronic abdominal pain, and infertility. 66 Although the general mechanism underlying adhesion formation is thought to be the activation of the extrinsic pathway of the coagulation cascade leading to a fibrogenesis state, 67 our study also adds the time dimension to the adhesion formation, that is, repeated injury leads to the formation of adhesion or tissue fibrosis. 14, 15 Viewed through this lens, it may be easy to understand as why the Douglas pouch and volume are reduced in women with deep endometriosis, as repeated injury and thus increased fibrosis would generate more fibrotic tissues that forms a false bottom. 68 In summary, this study shows that the cyst fluid content contains information on the age of the cyst. This ''age'' information, gleaned from the ''fossil record'' inherent in the cyst fluid, may aid in the choice of treatment modality, as in the case of cervical cancer and other malignancies.
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